We investigate the relation between UK accounting earnings volatility and the level of future earnings in a risk management framework. Our unique sample comprises some 11,107 firm-year observations for 1,548 non-financial firms over the 1980-2003 period. The findings confirm the established in-sample result of an inverse volatility-earnings relation. This is more pronounced as the current level of earnings and the firm's growth opportunities increase. However, we find that earnings are mainly explained by lagged earnings and there is no improvement in out-of-sample forecast accuracy when volatility is added as a regressor.
INTRODUCTION
The importance of earnings volatility for a firm's value has long been recognized in the accounting and finance literature. Such volatility can have an impact either through its relation to the discount rate or expected cash flows (earnings) in valuation models. Most existing research has focused on the link to the discount rate or cost of capital. One established result is a positive relationship between earnings volatility and different measures of the cost of capital. For example, Beaver, Kettler and Scholes (1970) provide evidence that the variance of the earningsto-price ratio is the accounting variable that is most correlated with a firm's beta coefficient. Minton and Schrand (1999) find that historical earnings volatility is strongly associated with the beta coefficient, dividend payout ratio and share price volatility. Gebhardt, Lee and Swaminatham (2001) show that earnings volatility -measured as the standard deviation of earnings per share -is strongly associated with the ex ante cost of capital implied from the residual income model.
A few recent studies directly test the link between the value of a firm and earnings volatility for the US market. Barnes (2001) find that earnings volatility is negatively related to firm value measured by the market-to-book ratio. Allayannis et al. (2005) show the same relation holds but only before controlling for cash flow volatility. However, there is virtually no research on the relation between current earnings volatility and future performance. This matters since the documented increased risk effect of such volatility may be affected through its effect on the level of future earnings in the numerator of the valuation formula.
Risk management theories propose several explanations for why a reduction in earnings volatility can increase the value of the firm through higher expected earnings. 1 Firstly, the probability of financial distress and its expected direct and indirect costs increase with earnings volatility. Distressed firms also have a higher propensity for undertaking negative and foregoing positive net present value projects due to agency problems. Secondly, higher earnings volatility in the UK is consistent with the corresponding MSW finding for the US. However, our 2 Volatility is measured by the coefficient of variation. 3 Although we could have used the same risk management framework if we had tested for the relation between current and future cash flows, we focus only on earnings. There is a large accounting literature showing that earnings are a better measure of true firm performance than operating cash flows. See for example Dechow (1994) , Dechow, Kothari and Watts (1998) , and Ball and Shivakumar (2006) . Only a few studies such as Lev et al. (2005) dispute this. Moreover, forecasting earnings is a starting point in any valuation exercise regardless of the model used. Financial analysts prefer to forecast earnings rather than cash flows and rely more on earnings based than on cash flow based valuation models (Demirakos, Strong and Walker, 2004) . results on the statistical significance of earnings volatility depend on the specification used and so are only partially consistent with MSW. Second, the adverse value impact associated with earnings volatility can be expected to vary across firms due to their differential sensitivity to the costs of market imperfections. Therefore, we develop and test novel hypotheses for cross-sectional differences in the volatility-future earnings relation using firm characteristics such as growth, leverage, size and liquidity. The latter capture costs related not only to the risk of underinvestment due to higher costs of external capital but also costs related to companies' exposure to the likelihood of bankruptcy and agency costs of debt related underinvestment. 4 Finally, the empirical results for our UK sample cast doubt on existing US findings that including earnings volatility as a regressor improves the accuracy of forecasting future earnings.
First, while earnings volatility is a statistically significant predictor of future earnings over and above the current earnings, this is mainly as a second-order effect. It impacts through its interaction with the level of current earnings by decreasing their persistence coefficient rather than through a separate link. Second, our cross-section association test indicates that earnings volatility has a negative relationship with future earnings mainly through the under-investment effect and not through financial distress. This negative relation is more pronounced as the marketto-book ratio increases (under-investment effect), whereas, in general, it is not sensitive to differences in financial leverage (financial distress) as well as to differences in liquidity and firm size. Finally, we find that the use of earnings volatility as an additional regressor does not help in forecasting earnings levels. The explanatory power, forecast accuracy and forecast bias of the earnings prediction model containing earnings volatility is not statistically different from a benchmark model which includes only lagged earnings as an explanatory variable.
The paper proceeds as follows. The main hypotheses are outlined in Section 2. Section 3 describes the sample, defines the variables and provides some summary statistics. Section 4 describes the empirical methods used and analyses the main findings and in Section 5 some conclusions are provided.
HYPOTHESIS DEVELOPMENT (i) Relation between earnings volatility and future earnings
Good estimates of future earnings are a prerequisite for accurate equity valuation. One of the key findings of corporate risk management literature is that cash flow volatility causes deadweight costs that reduce expected cash flow in the numerator of the valuation formula. This proposed negative link between volatility and expected cash flows can be used to improve earnings forecasts, by using earnings volatility as a proxy for cash flow volatility and future earnings as proxy for expected cash flows. 5 The economic intuition behind this idea is explained below.
Costs of financial distress. Higher cash flow volatility increases the probability of lower realizations of future cash flows and consequently the probability of financial distress increases especially when there is a large debt exposure. Financial distress causes indirect costs for companies to the extent that suppliers, customers and employees react by requiring favourable contracts relative to non-distressed firms. This results in lower expected revenues and higher expenses for such firms (see e.g. Bartram, 2000; Smith and Stulz, 1985) . (underinvestment and asset substitution) . Financially distressed firms are tempted to forego positive NPV projects if their benefits go to the debtholders. Similarly, due to the option nature of equity, they may undertake risky negative NPV projects which increase the value of equity at the expense of debtholders. On average, the foregone investment and negative NPV projects reduce expected earnings. The likelihood of distress and consequently the effect of these agency costs increases in earnings volatility (see e.g. Bartram, 2000; Stulz, 2003) . 5 Corporate risk management literature has developed in order to justify the use of derivatives for the purpose of reduction in corporate value volatility. Subsequently, many empirical studies tested whether the use of derivatives can be justified by the firm-specific sensitivity to market imperfection costs. To our knowledge, only MSW's study use this intuition in the earnings' forecasting context.
Agency costs of debt
Costs of accessing external capital. Due to information asymmetry between managers and capital markets, external financing of new investments is more costly than internal financing. Therefore, firms often forego profitable investment opportunities when faced with a lack of internal funds. Lower investment, in turn, leads to lower future expected earnings. Since earnings volatility increases the likelihood of insufficient internal funds, the former is negatively related to expected earnings (see e.g. Bartram, 2000; Froot, Scharfstein, and Stein, 1993; MSW) .
Management incentives.
Undiversified and risk averse managers require higher compensation for non-diversifiable risk since expected utility is concave in compensation. Higher expected compensation lowers future earnings. This is also true for other undiversified claimholders such as employees or, in the case of imperfect market structures, suppliers and customers. The impact of risk reduction on expected management compensation depends on the design on the manager's compensation contract. If it is concave in the firm value, then risk reduction will increase their compensation thus offsetting the risk-aversion effect. In the case of a convex function such as management stock options, the negative effect of the risk on compensation is more pronounced (see e.g. Smith and Stulz, 1985; Bartram, 2000) .
Taxes. Marginal tax rates which move in line with increases in taxable income, and delayed tax benefits from carry forward and carry backward tax rules make the present value of expected income tax increasing in the volatility of pre-tax earnings. Consequently, expected post-tax earnings are lower for those firms with higher earnings volatility (see e.g. Smith and Stulz, 1985; Bartram, 2000; Graham and Rogers, 2002) .
These explanations lead to our first directional hypothesis: 6 H1: Future earnings are negatively related to current earnings volatility.
Our empirical tests focus on reported volatility. Reported earnings are assumed to be 'smoothed' after a mix of optimal actions (such as usage of derivatives and diversification) is undertaken to 6 We acknowledge that the opposite hypothesis that the earnings volatility is positively related to future earnings may also hold to the extent that managers modify or abandon loss-making projects and so make negative cash flows less permanent than positive ones (Berger, Ofek and Swary, 1996) . minimize the total costs of volatility. 7 Total costs are given as a sum of costs of risk reducing actions and costs of bearing remaining risk, and are minimized to the point where the marginal costs of further volatility reduction are equal to the marginal costs of bearing remaining volatility (Shin and Stulz, 2000) . 8 Since there always exists some volatility with its associated costs, the proposed inverse relation holds both for reported and non-observable pre-smoothed earnings.
(ii) Cross-sectional variation
While the impact of the earnings volatility on future earnings is hypothesized to be negative due to market imperfections, the associated costs vary with firm-specific characteristics.
Consequently, this negative incremental impact of earnings volatility on future earnings will be more pronounced as these costs increase. We follow the empirical risk management and corporate finance literature to capture these firm specific characteristics (e.g. Nance and Smith, 1993; Bartram, 2000; Graham and Rogers, 2002) .
The agency costs of debt and associated underinvestment are related to a firm's growth options. The implication is that firms with higher volatility and agency costs of debt invest less (since the benefits accrue to debtholders) or they undertake more negative NPV projects. Thus, for a given level of earnings volatility, an increase in growth opportunities has a negative impact on future earnings since less is invested than full capacity allows. This does not mean that firms with higher growth prospects have lower earnings than firms with lower prospects. Instead, the foregone increase in earnings is lower than it could have been if the opportunities had been fully exploited.
The same line of reasoning holds for the external costs of financing. Firms with insufficient funds opt not to invest if they cannot earn the hurdle rate of return needed to borrow. The foregone increase in earnings due to earnings volatility is higher for firms with better growth prospects. This intuition can be summarized in the following hypothesis:
H2a: The negative impact of the earnings volatility on future earnings increases with growth opportunities.
The underinvestment problem matters less for firms with internal funds. If the firm has high levels of cash and liquidity, the adverse impact of earnings volatility on investment and future earnings is likely to be less pronounced (MSW, 2002) . Investment in liquid assets reduces the overall risk of a company's assets and the resulting likelihood of default (Nance, Smith and Smithson, 1993) which also counterbalances the volatility effect on future earnings. This leads to the following hypothesis:
H2b: The negative impact of the earnings volatility on future earnings decreases with the liquidity of the firm.
The probability of distress is negatively related to a firm's debt exposure and therefore if a firm carries relatively little debt, earnings volatility may not be relevant since firms do not go bankrupt even with low earnings realizations. Consequently, high earnings volatility combined with low financial leverage does not impose significant indirect expected costs of distress and vice versa.
For a given level of volatility, a higher level of financial leverage is negatively related with future earnings which leads to the following hypothesis:
H2c: The negative impact of earnings volatility on future earnings increases with financial leverage.
High leverage also increases the agency costs of debt. However, the non-linear relation between earnings volatility and the magnitude of those costs depends on the available growth options, which is captured by H2a.
There is some empirical evidence that the magnitude of the costs of bankruptcy is negatively related to a firm's size and hence they are relatively more important for small rather than large firms (Warner, 1977) . As a result, earnings volatility is less costly as firm size increases. For a given level of volatility, an increase in the firm size reduces its negative impact on future earnings.
H2d: The negative impact of earnings volatility on future earnings decreases with the size of the firm. 9 All the variables were extracted from Datastream Worldscope database.
SAMPLE DESCRIPTION AND VARIABLE MEASUREMENT

(ii) Earnings and earnings volatility
Annual earnings are defined as operating profit after exclusion of the items of an exceptional nature, which do not form part of a company's normal trading activities, but before depreciation (Datastream Worldscope item WC01250 plus WC01151). The earnings measure is scaled by average total assets (Worldscope Datastream item WC02999) which is consistent with other similar studies.
9 Whilst we would like to test for hypotheses related to taxation and management incentives, we are unable to collect relevant data for such purposes.
Current earnings volatility (EV) is measured as the coefficient of variation over the first four years in the five-year period. Unlike most existing studies, we do not use interim (the half-year or quarterly) data but annual data for the volatility calculation since the former are subject to the criticism of ignoring seasonal effects (Nissim, 2002) . The coefficient of variation is widely used in the related literature (e.g. MSW; Michelson et al., 1995) and is calculated as the standard deviation of the unscaled earnings series divided by the mean of the absolute values. We use the mean of the absolute values in the denominator rather than the mean of the actual values to control for size by focusing on the magnitude of earnings irrespective of their sign. The earnings and earnings volatility variables are winsorized at the 1 st and 99 th percent level to reduce the effect of extreme observations.
(iii) Firm specific characteristics
We use several different variables to test H2 that the negative impact of the earnings volatility is more pronounced for firms with better investment opportunities and are less liquid, highly leveraged, and smaller (Nance and Smithson, 1993; Graham and Rogers, 2002; Bartram, 2000) .
Growth opportunities are measured by the market-to-book value of the firm (MTB). 10, 11 Leverage (DTC) is measured as total debt-to-capital ratio expressed in percentage points. Size is measured as the average of the natural logarithm of total assets (lnTA) and liquidity by the current ratio (CR). MTB, DTC, lnTA and CR are calculated as an average value over the first four years in the five-year period. We also use current year cash and cash equivalents scaled by average total assets (CE t ) to capture the influence of cash levels on the under-investment effect.
CR is winsorized at the 1% and 99% level to control for outliers, while MTB, and CE t are winsorized at the 99% level (they are bounded below at zero). Table 1 present summary statistics of the variables used in subsequent tests.
(iv) Summary statistics
[ Table 1 around Both volatility measures are right-skewed which is expected since they are bounded below at zero. This is also the case for the control variables.
The correlation between the variables is presented in Table 2 .
[ Table 2 around here]
The correlation signs are generally supportive of our hypotheses. Earnings volatility is significantly negatively correlated with future earnings with a coefficient of -0.34. Most of the control variables exhibit a relatively low correlation with future earnings. The exception is CR (-0.24). Liquidity is positively correlated with lower profitability perhaps due to investment in more liquid and consequently less profitable assets. The size variable (lnTA) is significantly negatively related to the earnings volatility (around -0.37).
EMPIRICAL RESULTS
(i) Predictive ability of earnings volatility
The starting point in forecasting future one-year ahead earnings is current earnings. Therefore, it is valuable to explore whether the negative relation between earnings volatility and future earnings is still valid after controlling for current earnings (H1). We use several regression tests for this.
Firstly, our benchmark model (Model 1) regresses future earnings on current earnings.
Second, Model 2 includes earnings volatility as an extra regressor. Third, Model 3 regresses future earnings on current earnings and an interaction term of current earnings multiplied by earnings volatility. The latter term is added because there is some evidence that earnings volatility affects not only the future earnings level but also earnings persistence. Dichev and Tang (2005) show for an US sample that the earnings persistence coefficient from a pooled regression of earnings one-year ahead on current earnings is inversely related to earnings volatility. 12 Finally, we estimate the regression with current earnings, earnings volatility and an interaction term as independent variables (Model 4).
The annual cross-section rolling regressions are estimated for 19 five-year sample periods. In this way, the number of holdout sample periods to examine forecast accuracy of different specifications is maximized. In addition, Fama and French (2000) argue that this procedure is superior to pooled OLS estimators because the variation of the annual slopes allows for crosssectional correlation of residuals across the firms.
We examine the economic significance of those estimates for equity valuation by testing the The mean coefficients and adjusted R 2 from these regressions are presented in Table 3 where and both earnings volatility and interaction term (Model 4) versus benchmark Model 1, respectively, are zero are also reported.
[ Table 3 around here]
The benchmark Model 1 shows that the average earnings persistence coefficient is 0.82. Current earnings explain around 69% of the variability in future earnings. Mean AE is around 3.6%
whereas median AE is 2.2%. On average, the predictive model using current earnings is an unbiased predictor of future earnings. Nonetheless, median bias is positive at around 4.0%
indicating the model under-predicts earnings for most observations while some large negative values drive down the bias of the model.
The results from Model 2 suggest that earnings volatility seem to have a negative relation with future earnings after controlling for current earnings. The coefficient is negative and statistically significant but only at the 10% level. The coefficient is negative in 11 out of 19 individual cross-section regressions. This is consistent with our H1 stating that earnings volatility can explain future earnings over and above current earnings. The coefficient on the interaction (earnings/earnings volatility term) is negative and statistically significant at the 5% level in Model 3. The earnings persistence of current earnings declines as earnings volatility increases.
Furthermore, the earnings persistence coefficient increases to 0.91. This is intuitively appealing -absent current earnings volatility, earnings one-year ahead are expected to be close to current earnings.
The coefficient on the interaction term remains negative and statistically significant even after the inclusion of earnings volatility as an independent variable (Model 4). This suggests that the predictability of earnings in terms of their persistence declines with increases in earnings volatility. However, earnings volatility is positively and significantly associated with the future earnings at the 5% level with coefficient value of 0.02. How can we explain this coefficient change of sign in Model 4 relative to Model 2? On the one hand, it could indicate that the inverse sensitivity of future earnings to an increase in current earnings volatility is manifested through its negative impact on current earnings persistence (interaction term) rather than through an independent link due to market imperfections, contrary to our hypothesis. On the other hand, at low levels of current earnings and eventually losses, higher earnings volatility may signals higher growth prospects and a faster reversal of eventual losses (Brooks and Buckmaster, 1976; Freeman et al., 1982) This is inconsistent with the findings of MSW. Whereas the size of the coefficients and adjusted R 2 in our study are in the line with MSW, the forecast accuracy and forecast bias for the simple benchmark model seems to be significantly higher. For example, the MSW benchmark model that includes cash flow as an additional variable has a mean APE of 1.57 whereas our benchmark model has a mean APE of 0.78. We suggest two reasons for this dramatic difference.
First, MSW use the 1987-1997 sample period whereas we use the 1985 -2003 sample period.
Secondly, MSW define earnings volatility in a different way calculated over 16 quarters whereas we follow Nissim (2002) and reduce the seasonality impact on the volatility by using annual earnings.
Overall, earnings volatility is negatively related to future earnings even after controlling for current earnings. The earnings persistence coefficient decreases as volatility increases and this effect dominates the individual impact of earnings volatility on the level of future earnings. The inclusion of earnings volatility improves the explanatory power of a regression using only current earnings, but it does not contribute to better forecast accuracy.
(ii) Cross-sectional association tests
In this section, we test for possible non-linearity in the negative relation between earnings volatility and future earnings for the firm-specific characteristics (H2a through H2d). First, we regress scaled one-year ahead earnings on current volatility and earnings as our benchmark model. Then, we add individually the firm-specific proxy variables growth, liquidity, leverage and size and an interaction term earnings volatility multiplied by the firm-specific characteristics.
We are interested in the sign of the interaction term and marginal improvement in the explanatory power and forecast accuracy and bias of these models over the benchmark model. The firm characteristic variables are used as separate regressors to control for their possible incremental explanatory power for future earnings over and above current earnings and earnings volatility.
The annual cross-section rolling regressions are estimated for 19 five-year sample periods.
The mean coefficients adjusted R 2 and forecast accuracy and bias statistics are presented in Table   4 .
[ Table 4 around here]
The overall results are partially consistent with our hypotheses. First, it seems that the adverse impact of earnings volatility on earnings one-year ahead is non-linear in growth opportunities in line with H2a. The coefficient for the MTB*EV interactive term is significantly negative at the 5% level. This implies that, holding the magnitude of earnings volatility constant, its negative relation with earnings one-year ahead increases in the market-to-book ratio (MTB). As expected, the MTB coefficient is significantly positive suggesting that the future return on assets increases with increases in growth opportunities. Therefore, whereas earnings do indeed increase in the MTB ratio, growth opportunities are not fully exploited -the firm under-invests due to the negative effect of earnings volatility on the interaction term. Not surprisingly, the coefficient on earnings volatility on its own is now insignificant.
Our results provide strong evidence against hypotheses H2b to H2d. The interaction term coefficients for DTC*EV, lnTA*EV, and CR*EV are all statistically insignificant. The coefficients for these firm characteristics considered alone are not statistically significant. 14 Moreover, the coefficient on CE t *EV is significantly negative at the 5% level, contrary to H2b.
The negative results obtained for H2b may be explained as follows. The fact that a firm is highly liquid (in terms of the current ratio) may be a consequence of high growth realized in the past (MSW). This, perhaps, means more limited growth opportunities in the future and thus, on average, growth and liquidity may cancel out. Consequently, the earnings volatility non-linearity effect in liquidity disappears. In the case of cash equivalents at the end of the previous year, the unexpected findings may imply the build-up of liquid funds at the end of the year to provide for capital expenditure and growth in the next year. Therefore, a high level of cash equivalents may signal growth opportunities. Our variable CE t is positively correlated with MTB with a Pearson correlation coefficient of 0.29 (see Table 2 ).
In addition, the coefficient on individual earnings volatility variables is insignificant for all specifications except the one containing DTC. This could be as a result of multicollinearity problems in size and current ratio specifications 15 and the non-linear relation of earnings volatility to future earnings in growth and current cash specifications (negative impact is exhibited through the interaction variable). The improvements in explanatory power are negligible. For example, the biggest increase in adjusted R 2 relative to the benchmark model is found when the MTB variable is included (around 1 percentage point). Similarly, the forecast errors and bias measures are similar across different specifications.
Overall, the results support hypothesis H2a but reject H2b through H2d. The adverse impact of earnings volatility on future earnings seems to increase in the market-to-book ratio. In fact, absent growth opportunities earnings volatility seems to have no predictive power for future 14 The rejection of the financial distress hypotheses related to leverage and firm size (H2c and H2d) may be a consequence of survivorship bias. Firms that exhibit high volatility and losses in the past in conjunction with high debt exposure may have gone bankrupt, been de-listed or taken over. Consequently, the sample contains only surviving firms whose earnings do not exhibit the predicted behaviour. 15 For example, the Pearson correlation coefficient reveals a 37% negative association between earnings volatility and size. earnings. Therefore, it seems that the negative coefficient on earnings volatility with earnings volatility and current earnings as regressors (Model 2 in Table 3 .) is driven predominantly by the growth effect. For prediction purposes, the interaction terms along with the firm-specific characteristics do not significantly improve the explanatory power and forecast accuracy of the benchmark model based on earnings and earnings volatility alone.
(iii) Robustness tests
The robustness of the above findings is tested by using various definitions of earnings and earnings volatility. Below we present results for different measure of earnings volatility and different definitions of earnings. 16
Earnings volatility measure
Our measure of volatility -the coefficient of variation -is not universally accepted. Specifically, it may understate true volatility (Nissim, 2002) and therefore many other studies use scaled standard deviation of earnings (e.g. Gebhardt, Lee and Swaminatham, 2000; Nissim, 2002; Dichev and Tang, 2005) . We verify the robustness of our results using standard deviation of earnings scaled by total average assets over the first four years in the five-year period winsorized at 1% and 99% level. The results of regression tests of H1 are in line with our main findings. 17
The cross-section association test results of H2 in Table 5 are slightly different with respect to growth variables relative to those reported for the coefficient of variation.
[ Table 5 around here] 16 The results remain qualitatively similar and do not alter our main inferences regarding hypotheses for the following cases (not reported): a) measuring earnings as operating income after depreciation; b) measurement of earnings volatility over an eight-year instead of a four-year period (we require that a firm have available earnings data for at least 6 out of the 8 years to calculate volatility); c) allowing for different cross-sectional intercepts by using industry dummies for two-digit FTSE industry classification; d) using sum of the earnings one-year to four-year ahead as a dependant variable to test for long-run sensitivity of results. Results are available from the authors on request. 17 Results are available from the authors on request.
The coefficient on MTB*EV is still significant but now at the 10% level (p-value is 5.54%). MTB is now significant only at the 10% level as the independent predictor of future earnings, unlike in the coefficient of variation specification of earnings volatility. The direction of the other crosssectional inferences remains the same.
As a result of higher dispersion of firm-specific earnings volatility, t-statistics for earnings volatility coefficient and interaction terms in both tests of H1 and H2 are generally lower for the standard deviation definition of earnings volatility relative to the coefficient of variation definition of earnings volatility.
Earnings measure
We measure this variable as the earnings before depreciation to be consistent with the MSW (2002) study. However, most other studies use either operating income, or net income. Taking operating earnings before depreciation and interest eliminates the effect of the financial leverage on the earnings that can confound the effects we study. Given current operating earnings and earnings volatility, companies may still have different net earnings due to different capital structure and interest portion in the operating income. Nonetheless, we use net earnings available for distribution to ordinary shareholders (WC01751) as an alternative earnings measure. 18
Unreported descriptive statistics change in the expected direction with earnings levels being lower and volatility being higher for this definition of earnings. As expected, after inclusion of interest expense DTC has a higher negative correlation with future earnings relative to the operating earnings measure.
Regression results for tests of H1 are qualitatively similar to the results for the operating income before depreciation definition of earnings. 19 The adjusted R 2 is in general lower as expected (around 0.4), but the improvement in explanatory power from Model 1 to Model 4 is 18 This measure contains some non-recurring items which make it more volatile and more difficult to forecast than operating earnings before depreciation. Furthermore, our definition of operating earnings cannot distinguish operating profit from discontinued operations since operating profit from continuous operation is not available on Datastream. 19 Results are available from the authors on request.
higher (4.59 percentage points as opposed to 1.54 for operating earnings before depreciation).
The adjusted R 2 is in line with the comparative Dichev and Tang (2005) US study (0.37).
For the tests of cross-sectional sensitivity of future earnings to earnings volatility, the results presented in Table 6 are significantly different for the alternative definition of earnings.
[ Table 6 around here]
MTB remains a significant predictor as a separate variable. However, the coefficient on the interaction MTB*EV term now becomes statistically insignificant.
Unlike in previous tests, the coefficient on DTC is negative and significant at the 5% as a separate predictor, whereas it is significantly positive at the 10% level for DTC*EV interaction term, contrary to H2c. Given the lower explanatory power of current net earnings relative to operating income before depreciation and given higher net earnings volatility, it is not surprising that earnings volatility as an additional individual predictor is now significant at the 5% level in the specifications with DTC, CE t , and CR. This is contrary to findings for operating earnings before depreciation. The other in-sample as well as out-of-sample forecast accuracy and bias inferences are in line with previous findings.
CONCLUSIONS
This paper is the first large scale non-US study investigating the importance of earnings volatility for forecasting future earnings. Our sample comprises some 11,107 UK firm-year observations for 1,548 non-financial firms over the period from 1980 to 2003. Following the MSW US study, the framework used is risk management theory and particularly the underinvestment story. The latter shows why volatility is costly for firm value and links it to the earnings' forecasting literature. Higher earnings volatility leads to lower future expected earnings due to market imperfections such as financial distress, under-investment as a result of agency costs of debt and the higher costs of external financing, managerial risk aversion and tax non-linearity. We hypothesize that the impact of earnings volatility is non-linear in those firm-specific characteristics that capture the level of expected costs of such imperfections.
We find the earnings volatility coefficient is statistically significant and negative. However this seems to be a second-order effect since it is manifested mostly through its impact on the earnings persistence coefficient and not as an independent factor. The earnings volatility coefficient becomes insignificant once we include an interaction term of earnings multiplied by volatility whose coefficient is significantly negative. We find that this negative relation is more pronounced as the firm's growth opportunities increase but volatility is generally unrelated to changes in leverage, liquidity or size. While this is consistent with the MSW under-investment story, it is at odds with the alternative expected costs of financial distress story.
The forecasting models that include volatility show virtually no improvement over the benchmark model in terms of the explained variability of future earnings. Out-of-sample forecast accuracy and forecast bias are indistinguishable between the various models that include earnings volatility and the parsimonious model excluding it. This is inconsistent with the MSW finding that inclusion of the earnings volatility variable in a forecasting model significantly improves forecast accuracy and reduces bias.
Some of the findings suggest interesting avenues for future research. For example, the result that the impact of both earnings persistence and growth on future earnings is non-linear in earnings volatility could be used in earnings forecast models and equity valuation. Indeed, Dichev and Tang (2005) from another perspective find that a company's ranking on earnings volatility combined with the level of earnings successfully helps in predicting the future long run earnings trend. Thus, historical earnings volatility may yet be shown to be useful for valuation purposes.
APPENDIX 1
Variable definition
Earnings (E) is defined as operating profit after the exclusion of the items of an exceptional nature, which do not form part of a company's normal trading activities, but before depreciation (Datastream Worldscope item WC01250 plus WC01151). Alternatively, earnings is earnings to ordinary shareholders (WC01751), defined as the net profit arrived after deducting tax, minority interest and preference dividends, but before extraordinary items. Earnings measure is scaled by average total assets (WC02999). The earnings and earnings volatility variables are winsorized at the 1 st and 99 th percent level.
Earnings volatility
Market-to-book ratio (MTB) represents total capital employed (WC03998 -sum of total share capital and reserves, long term deferred liabilities including deferred tax, minority interest and total long term loans) plus the difference between market value of equity (WC08001) and book value of equity (WC03501) at the financial year-end divided by total capital employed. If such a measure of market-to-book ratio is negative it is deleted from the sample. Total capital employed represents the sum of all non-current liabilities including common equity, preferred equity, minority interest, long-term debt and deferred tax liability.
Debt-to-capital ratio (DTC -WC08221). It is defined as the sum of total debt and preference shares divided by the sum of total capital employed and short term borrowings less total intangibles. We restrict this ratio to take values from 0 to 1. Consequently, negative values of ratios and those higher than 1 are replaced with the value of 1.
Size (lnTA -total assets is Datastream item WC0299). It is measured as the average of natural logarithm of total assets over four years. The logarithmic transformation is used to reduce the impact of outliers.
Current ratio (CR -WC08106) . This represents total current assets divided by total current liabilities at the year-end.
Cash equivalents (CE -WC02001). This includes cash, bank balances, short-term loans and deposits, and investments shown under current assets at the financial year-end scaled by average total assets (WC0299).
MTB, DTC, lnTA and CR are calculated as an average value over the first four years in the five-year period.
CR is winsorized at 1% and 99% level to control for outliers, while MTB, and CE are winsorized at 99% level (they are bounded to zero at lower tail). 
Notes:
Variable definitions are given in Appendix I. The time-series mean coefficient estimates, corresponding t-statistics for the means (in parentheses), and the timeseries mean adjusted R 2 are reported. Median F-statistic testing the restriction that estimated coefficients on EV (Model 2), E t *EV (Model 3) and both EV and E t *EV, respectively, equal zero versus Model 1 is presented, with the number of annual F-statistics statistically significant at 10% given in parentheses. The coefficients estimated in year t are used to forecast earnings in year t+1. Forecasting was performed on the total sample available for year t+1 no matter whether the firms included are used for coefficient estimation purposes in year t. The following measures of out-of-sample forecast accuracy are calculated for 10,882 available observations in the period from 1986 to 2003. Absolute error (AE) is the absolute value of the difference between actual and predicted earnings. Bias proportion is the difference between the actual and predicted earnings. Absolute percentage error (APE) is the absolute value of the difference between the actual and forecasted earnings divided by the absolute actual earnings. Bias is the difference between the actual and forecasted earnings divided by absolute actual earnings. Mean and median of AE, APE, bias proportion and bias are reported. Variable definitions are given in Appendix I. ** and * denote statistical significance at the 5% and 10% levels, respectively. For the regression slopes, the test statistic is two-tailed t-statistic that the coefficient means are statistically different from zero. For the measures of forecast accuracy and bias, the test statistic is t-statistic (Wilcoxon z-statistic) that the means (medians) in Models 2, 3 and 4 are statistically different from mean (median) in Model 1. Char represents firm-specific characteristics MTB, DTC, lnTA, CE t and CR, respectively in each of the regressions. The time-series mean coefficient estimates, corresponding t-statistics for the means (in parentheses), and the time-series mean adjusted R 2 are reported. The coefficients estimated in year t are used to forecast earnings in year t+1. Forecasting was performed on the total sample available for year t+1 no matter whether the firms included are used for coefficient estimation purposes in year t. The following measures of out-of-sample forecast accuracy are calculated for available observations in the period from 1986 to 2003. Absolute error (AE) is the absolute value of the difference between actual and predicted earnings. Bias proportion is the difference between the actual and predicted earnings. Absolute percentage error (APE) is the absolute value of the difference between the actual and forecasted earnings divided by the absolute actual earnings. Bias is the difference between the actual and forecasted earnings divided by absolute actual earnings. Mean and median of AE, APE, bias proportion and bias are reported. Variable definitions are given in Appendix I. ** and * denote statistical significance at the 5% and 10% levels, respectively. For the regression slopes, the test statistic is two-tailed t-statistic that the coefficient means are statistically different from zero. Char represents firm-specific characteristics MTB, DTC, lnTA, CE t and CR, respectively in each of the regressions. The time-series mean coefficient estimates, corresponding t-statistics for the means (in parentheses), and the time-series mean adjusted R 2 are reported. The coefficients estimated in year t are used to forecast earnings in year t+1. Forecasting was performed on the total sample available for year t+1 no matter whether the firms included are used for coefficient estimation purposes in year t. The following measures of out-of-sample forecast accuracy are calculated for available observations in the period from 1986 to 2003. Absolute error (AE) is the absolute value of the difference between actual and predicted earnings. Bias proportion is the difference between the actual and predicted earnings. Absolute percentage error (APE) is the absolute value of the difference between the actual and forecasted earnings divided by the absolute actual earnings. Bias is the difference between the actual and forecasted earnings divided by absolute actual earnings. Mean and median of AE, APE, bias proportion and bias are reported. Variable definitions are given in Appendix I. ** and * denote statistical significance at the 5% and 10% levels, respectively. For the regression slopes, the test statistic is two-tailed t-statistic that the coefficient means are statistically different from zero. Char represents firm-specific characteristics MTB, DTC, lnTA, CE t and CR, respectively in each of the regressions. The time-series mean coefficient estimates, corresponding t-statistics for the means (in parentheses), and the time-series mean adjusted R 2 are reported. The coefficients estimated in year t are used to forecast earnings in year t+1. Forecasting was performed on the total sample available for year t+1 no matter whether the firms included are used for coefficient estimation purposes in year t. The following measures of out-of-sample forecast accuracy are calculated for available observations in the period from 1986 to 2003. Absolute error (AE) is the absolute value of the difference between actual and predicted earnings. Bias proportion is the difference between the actual and predicted earnings. Absolute percentage error (APE) is the absolute value of the difference between the actual and forecasted earnings divided by the absolute actual earnings. Bias is the difference between the actual and forecasted earnings divided by absolute actual earnings. Mean and median of AE, APE, bias proportion and bias are reported. Variable definitions are given in Appendix I. ** and * denote statistical significance at the 5% and 10% levels, respectively. For the regression slopes, the test statistic is two-tailed t-statistic that the coefficient means are statistically different from zero.
